The ability to share time and to shift attention between bimanual simultaneous motor tasks were studied in 18 patients with Parkinson's disease (PD) and 19 age-and intelligence-matched controls. The task consisted of drawing triangles with the dominant hand and squeezing a rubber bulb with the nondominant hand. Motor performance was measured using the variables: amplitude of squeezing, frequency of squeezing and velocity of drawing triangles. After eliminating variance due to baseline differences in single-handed performance, the bimanual simultaneous performance of PD and controls turned out to be similar to the frequency of squeezing and the velocity of drawing triangles. The amplitude of squeezing, however, differed between the two groups: it was significantly reduced in PD. Arguably the disturbance in the bimanual performance of PD patients was not due to a disorder of time sharing, but to a decreased ability to shift attention from the visually cued task to the non visually cued task. The results agree with current evidence that PD patients are more impaired when they have to rely upon internal control for the regulation of shifting attention than when external cues are available.
Temporal and spatial processing is involved in the simultaneous performance of two separate single-handed tasks. The timing of bimanual simultaneous tasks is a function of one generalised time-programme,'-5 a phenomenon also referred to as time-sharing. 4 fig 2) . Our model comprises the concepts of a generalised time-programme and of separate concurrently running motor-programmes. Bilaterally generalised programmes are characterised by an invariant interlimb ratio of the pertinent variable.634 On the contrary, if a variable has a variant interlimb ratio, then the pertinent aspect of movement is supposedly executed by separate concurrent programmes.634 In the latter case, performance depends on the ability to shift attention from one task to the other while carrying them out.4 In both groups the frequency of Tr in Sq + Tr (the frequency which with sides were drawn being naturally proportional to the velocity of Tr) correlated with the frequency of simultaneous Sq. This may indicate an intrasubject invariant interlimb ratio and, hence, a generalised timeprogramme. On the other hand, since the correlation existed between subjects this might have reflected that the frequency with which individuals simultaneously performed squeezes and triangles depended on whether they were fast or slow types, irrespective of interlimb linkage. The fact that the ratio of the frequency of Sq to the frequency of drawing sides of Tr (that is, velocity ofTr) did not differ significantly between PD ( =4 7) and controls (=4 9) suggested task specific invariant interlimb linkage. Moreover, the frequency of Sq varied with the type of task carried out by the dominant hand in both groups: frequency of Sq tended to increase in Sq + ee and decreased in Sq + Tr. Apparently, in both PD and controls the type of task of the dominant hand determined the pace of Sq. These results not only suggest that both groups adapted the timing of the one hand to the other, but also that both groups adapted it in the same way, indicating that PD patients constructed a generalised time-programme as controls supposedly do.'-5
Such a bilaterally generalised timeprogramme in Sq + Tr indicates that Sq and Tr were executed simultaneously in PD. In fact, most of our patients drew continuously: their ergograms of ee and Tr showed hardly any gaps. Gaps would be obvious if the bimanual tasks were executed sequentially in Sq + ee and Sq + Tr. This observation is contrary to those of Schwab et aP that PD patients do not perform repetitive movements simultaneously, but sequentially. However, it must be noted that our drawing test was less difficult than the one used by Schwab et al; the instruction to draw perpendicular lines in the triangle being omitted. Their observations probably hold true for more complex tasks.
During bimanual simultaneous performance, the frequency and the amplitude of Sq did not correlate in either group. This indicates that these variables represented independent processes. The observation that in controls both variables were negatively correlated during single-handed Sq only indicates that time constraints did induce mutual dependency.5 These results agree with our frame of reference that both variables corresponded to distinct processes in the brain, that is, frequency corresponded to time-sharing and amplitude to spatial performance.
In Sq + Tr the amplitude of Sq did not correlate with the spatial performance of Tr: although all subjects did in fact draw Tr accurately according to the fixed scheme, amplitudes of Sq varied clearly (table 2, fig 2) . This variant interlimb ratio agrees with the conclusions of Keele5 and Poulton4 that the spatial performances of separate bimanual simultaneous tasks are not executed by one generalised motor programme, but by two concurrent motor programmes. Correct performance of such concurrent motor programmes relies on the ability to shift attention between both tasks.46 Because in both Sq + ee and in Sq + Tr the reduction in the amplitude of Sq was significantly greater in PD than in controls, we conclude that the PD patients had a diminished capacity to shift their attention to Sq.
The question remains as to why there was no significant difference between PD and controls in the reduction of velocity of Tr during Sq + Tr, compared with single-handed Tr (table 3, fig 2) . PD patients apparently concentrated on Tr and did not shift attention to Sq, presumably because visual cues or guidance, as present in Tr, take priority over non-visual, that is, sensory ones, as present in Sq.4"5 Such a procedure yields further evidence that PD patients depend on external cues or guidance to shift from one movement to another.'6233' 3236 They fail to shift attention when they have to rely upon internal control6 1920 as was the case in Sq in Sq + Tr: Sq lacked imperative external cues or guidance to prompt attention and to divert it from Tr.
In our paradigm all subjects had to squeeze a rubber bulb. Squeezing did not require much effort, and so we looked upon the amplitude of Sq as a variable of spatial performance, this variable representing the trajectory ofhand and finger movements. Nevertheless, due to the construction of the technical equipment, the rubber bulb also transduced some force.
Hence, theoretically, the amplitude of Sq comprised some characteristics of the variable force, which would imply that the patients had difficulty controlling the force they put into their movement, because they could not pay attention to it. However, we certainly did not measure isometric squeezing. As fig 2) .
We conclude that in PD the disturbance of bimanual simultaneous performance of the present tasks was not due to a decreased ability to share time between the two tasks. The deficit in bimanual simultaneous performance was, however, apparently caused by the fact that PD patients were unable to shift their attention sufficiently from one of the simultaneous tasks to the other. These experiments yield further evidence that PD patients are more impaired in the regulation of their attention when they have to rely upon internal control than when external visual cues or guidance are available.
